Abstract. Artemisinin, a sesquiterpene lactone; is one of the most well-known secondary metabolites with multi-functional therapeutic effects which is isolated from Artemisia annua. Due to low levels of artemisinin in this plant, efforts are being made to optimize its production by various strategies such as elicitation-infiltration. This is a procedure in which, elicitors are injected to the plants by fine-needles directly. In this study, we identified the effect of bacterial and fungal elicitors on artemisinin level and biomass accumulation in A. annua. Artemisinin content was measured by high performance thin layer chromatography. The maximum level of artemisinin was accomplished by injection of 0.4 mg total sugar/ml F. oxysporum and B. cereus decreased artemisinin content in comparison to the controls. 1 McFarland S. aureus was the most successful elicitor, increasing the fresh weight 1.34 fold over the controls.
Introduction
Since ancient times, the plantderived chemicals were a significant source for pharmaceuticals [SHAKERAN et al., 2015] . Many active constituents of medicinal, commercial and poisonous of plants belong to secondary metabolites.
Terpenes or terepnoids are one of the classes of secondary metabolites which are built of isoprene units. Sesquiterpenoid lactones are biologically active secondary metabolites of plants of Compositae family [HANDON et al., 2003] . Artemisinin, a sesquiterpene lactone containing an endoperoxide bridge is isolated from Artemisia anuua L. plants.
This compound is effective against both drug-resistant and cerebral malaria causing strains of Plasmodium falciparum, different cancers and viruses [ NAKASE et al., 2008 , EFFERTH et al., 2008 , ABDIN et al., 2003 . The low production (0.01-0.8%) of artemisinin in A. annua is the main obstacle to the commercialization of the drug.
Therefore, various studies have been conducted to enhance the yield of this invaluable compound either in cell/tissue culture or in the whole plant of A. annua [ABDIN et al., 2003] .
Since the discovery of this drug, different studies have been carried out to overcome to the low yield of artemisinin, including: hairy root induction, semibiosynthetic pathway, cell suspension culture and genetic engineering [WEATHERS et al., 1994 , DIETRICH et al., 2009 , VARMA et al., 2009 , CHEN et al., 1999 . Elicitor is a scientific term which is applied for stress factors that triggers the defense mechanisms by direct or indirect routs. Elicitation is described as the most feasible method for enhancing the production of desirable secondary metabolites from cell, organ and plant systems [GEOL et al., 2009] . Furthermore, elicitors improve the release of metabolites in the medium [SHAKERAN et al., 2015] . They are classified in two categories:
Abiotic and biotic. Abiotic do not have biological origins and are comprised of two groups: physical factors (thermal stress, wounding, etc.) and chemical substances (heavy metal salts, vanadyl sulphate VOSO4, etc.) [VASCONSUELO et al., 2007] . Biotic elicitors are originated from organisms that include polysaccharides from plant cell walls (pectin, cellulose, etc.), micro-organisms (chitin, glucans, etc.) and G-proteins [GEOL et al., 2009] . For example, Aspergillus niger and Fusarium oxysporum had increased the production of thiophene in Tagetes patula and anthocyanin in Daucus carota respectively [NAMDEO et al., 2002 , RAJENDRAN et al., 1994 .
Furthermore, Bacillus cereus and Staphylocccus aureus have revealed great impacts on the production of scopolamine in Scopolia parviflora [GUILLON et al., 2006] . Injection-infiltration method has been introduced to test pathogenicity of microorganisms which invade the plants.
Cell suspension of bacteria is injected to the leaves of the plants by fine needles.
This method has this advantage over other procedures in that, the investigations can be done on the intact plants [GUILLON et al., 2006] . The aim of this study is to investigate the effect of fungal (F. oxysporum and A. fumigatus) and bacterial (S. aureus and B. cereus) elicitors on the biomass accumulation and artemisinin production in the intact plants of A. annua.
Material and methods

Seed sterilization and germination
Seeds of A. annua were sterilized by immersing in NaClO 2% (v/v) and EtOH 7% (v/v) for 10 and 1 min, respectively [KLEMENT et al., 1963] . Then they were washed for 3 times with sterile distilled water. Sterile seeds were cultured on MS medium for germination. The cultures were placed in the seed germinator, applying this condition: 16 h/8 h light/dark cycle and temperature 25±2°C [KLEMENT et al., 1963] . The samples were 2 month old with similar height and weight.
Preparation of elicitors Preparation of fungal elicitors
At first, some cells of the fungi (F. oxysporum and A. fumigatus) were transferred to a 250 mL Erlenemeyer flask containing 50 mL of PDB (Potato Dextrose Broth) media by a sterile spatula. Flasks were incubated into an incubator shaker; rotating at 200 rpm at 25±2 °C 16h/8h light/dark cycle and they were grown for 6 days. The culture broths were past throw Whatman paper No. 1 and the remaining were centrifuged at 5000 rpm for 15 min.
The following procedure was suggested to prepare fungal elicitors:
The culture broth was divided into two portions. One portion was consumed after passing it through 0.22m filter and it was designated as 'filtered culture broth'.
The other portion of culture broth was autoclaved at 15 psig and 121°C for 20 minutes and it was designated as 'autoclaved culture broth'.
The fungal mat was washed for several times with sterile doubled distilled water.
Later it was allowed to dry at 40 ± 2 in a hot air oven to the constant weight.
The dried cells were crushed in a mortar pestle. 10 g of dry cell powder was suspended in 100 mL of doubled distilled water (pH 5.7). Subsequently, it was autoclaved at 15 psig and 121°C for 20 minutes for hydrolysis. The hydrolysate was centrifuged at 5000 rpm for 10 min.
The supernatant was collected and stored at 4°C [VARMA et al., 2009] . To determine the concentration of fungal elicitors, phenol-sulfuric acid method was exploited. In this method, 0 to 1 mg/mL glucose solutions were prepared.
To do so, firstly, 100 mg glucose was dissolved in 100 mL double distilled water. Then, these solutions were diluted to prepare 0.6 and 0.8 mg/mL glucose solutions. Secondly, 4 % phenol solution was prepared by adding 4 g phenol in 100 mL double distilled water.
Thirdly, 1 mL doubled distilled water and 1 mL of 4 % phenol solution was poured in penicillin bottle. Then 5 mL 98 % sulfuric acid was added to it.
This solution was applied as blank after cooling. Fourthly, to prepare standard samples, 1 mL of glucose solutions were added to penicillin bottles and 1 mL 4 % phenol solution was blended to each of them.
Then, 5 mL 98% sulfuric acid was added to all of the bottles. These solutions were designated as standard after cooling. The wavelength was set on 490 nm by spectrophotometer.
Then the blank samples were adjusted on zero and the calibration curves were depicted by standards. Later fungal elicitors were diluted 100 times by adding double distilled water. 1 mL of fungal elicitor and 1 mL of 4 % phenol solution were added to penicillin bottle.
Then, 5 mL of 98 % sulfuric acid was mixed with them. The concentration of this solution was measured after cooling by spectrophotometer. This concentration was multiplied by 100. If the concentration was less than the desired one, it can be more concentrated by rotary evaporator and if it was more than the desired concentration, it can be diluted by adding double distilled water. In this study, two fungal concentration were chosen: 0.2 and 0.4 mg total/mL [DUBOIS et al., 1956] .
Preparation of bacterial elicitors
B. cereus was cultured in Nutrient broth (NB) in incubator shaker rotating at 120 rpm at 27°C for 24 h. In addition, S. aureus was cultured in tryptic soy agar (TSB) with the same condition [SHAKERAN et al., 2015] . Similarly, 0.5 and 1 McFarland bacterial concentrations were applied for elicitation. These concentrations were prepared by a method known as McFarland turbidity standard. In this procedure, at first two solutions of 1 % sulfuric acid (H2SO4) and 1.175 % barium chloride (BaCl2) were prepared.
To prepare 1 % sulfuric acid solution: 90 mL deionized water was poured into 100 mL volumetric flask. 1 mL concentrated sulfuric acid was added to the volumetric flask by 1 mL volumetric pipette. Then the volumetric flask was filled with deionized water to 100 mL.
Furthermore, 1.175 g barium chloride was poured in 100 mL volumetric flask. Then, the flask was filled with distilled water to 100 mL. To prepare 0.5 McFarland bacterial concentrations, about 85 mL of 1 % sulfuric acid was added to 100 mL volumetric flask. 0.5 mL barium chloride was added to sulfuric acid solution drop wise by 0.5 mL volumetric pipette while the flask was constantly swirled. Then the solution was brought to 100 mL by adding sulfuric acid.
To have 1 McFarland, 1 mL barium chloride and 99 mL of 1% sulfuric acid were applied. Before using, McFarland standards were thoroughly mixed. In presence of intense light, the turbidity of the samples and McFarland were evaluated by naked eyes.
There are 1. .
Elicitation procedure
As mentioned previously, elicitation-infiltration method has been developed as a rapid test for detection of pathogenicity of a microorganism. This procedure is carried out as follows:
Older leaves of the 2-month oldplants were chosen from to inject the elicitors. The injection site was closed to the lateral veins of the leaf, where the tissues were thick enough. 3 mL of each elicitor was injected to intracellular spaces of the A. annua's leaves by a fine and sterile needle. 3 mL sterile distilled water was injected to leaves of control samples [GUILLON et al., 2006] .
Measurement of fresh and dry weight of intact plants
The fresh weight of the samples was measured and compared with the control samples after 48 h. The samples were then dried in the dark at room temperature for 5 days before the measurement of dry weight of samples.
Extraction and assessment of artemisinin 1.0 g of dried samples was ground in 2 mL of toluene in mortar. The mortar was cleaned with 1 mL toluene which was transferred to the test tubes.
The extracts were then centrifuged at 5900 rpm for 10 min.
The supernatant was removed and saved. These steps were repeated for several times. The supernatants were dried under nitrogen gas and store -20°C [SMITH et al., 1997] . HPTLC (high performance thin layer chromatography) was used, which is a specific, accurate, precise and reproducible method.
This method was applied to measure amounts of artemisinin in the samples.
All chemicals were HPLC grade. The instrument used in the present study was HPTLC system comprising LINOMAT V automatic sample applicator, TLC SCANNER III with WINCATS software; twin through chamber (all from CAMAG, Switzerland) and UV-1601, UV/Vis spectrophotometer, Shimadzu (Kyoto, Japan A stock solution of artemisinin (ng/mL) was prepared in methanol.
Various amounts of stock solution were spotted in duplicate on TLC plates manually to measure concentrations of 200, 400, 600, 800 and 1000 ng/spot of artemisinin.
The plates were developed in a presaturated twin trough chamber and densitometrically scanned at 520 nm using optomechanical scanning technique. The data of peak area versus drug concentration were treated by linear least-square regression analysis.
A standard calibration curve in the range of 200 to 1000 ng/spot for quantitative analysis was depicted using different concentrations of artemisinin (Sigma Aldrich, USA) as standard substance.
Minimum square method (R 2 value) was used to measure relationship between the concentration and peak height.
Validation of the HPTLC method was calculated as the percent recovery of spiked extract sample with standard artemisinin at 100 ng/mL concentration.
Limit of detection (LOD) and limit of quantification (LOQ) were calculated by using the formula based on the signal to noise ratio. LOD and LOQ were measured by using equations, LOD = 3×S/N´ and LOQ = 10× S/N´, where S = signal height, N´= noise height [SHAHTALEBI et al., 2013] .
The fresh weight, dry weight and artemisinin content were measured in all of the samples.
For each treatment, 3 plants of A. annua were prepared for the injection.
All experiments were performed in triplicate.
The variance of the results was analyzed by SPSS software version 20 (SPSS Inc., Chicago, IL). In this study, univariate procedure at P < 0.05 was chosen [SHAKERAN et al., 2015] .
Results and discussion
The artemisinin content of intact plants of A. annua was assayed through HPTLC after elicitation with bacterial and fungal factors.
The level of artemisinin was calculated as the percentage of the dry weight of the intact plants for each sample.
The standard samples were analyzed in 200, 400, 600, 800 and 1000 ng/spot concentrations.
Since artemisinin is a non-UVabsorbing drug, it was converted into a violet colored UV-absorbing compound by applying vanillin (1% w/v) sulphuric acid (5% v/v) in ethanol as derivatizing compound.
The correlation between the concentration and the peak area of the standard was calculated through the minimum square method (R 2 value).
The obtained equation was y = 0.1955x + 17.108 (figure 1). LOD and LOQ were determined 63 and 210 ng/mL by using the formula which is based on the signal to the noise ratio. Figure 2 shows the effect of bacterial elicitors on artemisinin accumulation in the plants of A. annua.
The effect of biotic elicitors on artemisinin yield
No changes in artemisinin content were observed when S.aureus was used as a biotic elicitor. In addition, both concentrations of B. cereus did not support the enhancement in artemisinin production and led to a dramatic decrease in its production too (150 ng/mL) (table 1). Furthermore, the effect of fungal elicitors were assayed and subsequently they were analyzed (table 2). The data revealed that the injection of 0.4 mg total/mL F. oxysporum can increase the artemisinin content from (286.7 ng to 140.3 ng) explosively whereas other fungal elicitors could not affect the artemisinin production in comparison to the controls ( figure 3) . 
The effect of biotic elicitors on fresh weight
The effect of bacterial elicitors' injection (S. aureus and B. cereus) on the fresh weight of A. annua samples are depicted as diagram in figure 4. According to the data analysis (table 3) , all elicitors were capable to enhance the fresh weight of the samples.
But in comparison to other elicitors 1 McFarland S. aureus showed a remarkable impact on fresh weight of the samples (567.33 mg to 763 mg). In addition, the fresh weight of the samples was monitored after injection of fungal elicitors (F. oxysporum and A. fumigatus). 0.2 mg total/mL F. oxysporum and 0.4 mg total/mL A. fumigatus revealed no negative change while 0.4 mg total/mL carbohydrate F. oxysporum and 0.2 mg total/mL A. fumigatus decreased the fresh weight of the samples (table 4 and figure 5) . 
The effect of biotic elicitors on dry weight
By comparing the presented data in figure 6 and Among fungal elicitors, 0.4 mg total sugar/mL A. fumigatus enhanced the dry weight to 1.5 more than the controls (table 6 and figure 7). Other elicitors were slightly significant different in comparison to the controls. 
The effect of biotic elicitors on artemisinin yield:
Since the biosynthesis of the secondary metabolites in plants is under control during development.
So these compounds are produced in response to various stresses. In this regard, bacterial and fungal elicitors have been introduced as two outstanding elicitor types to mine new novel strategies for enhancement of secondary metabolite's yield.
For example, bacterial elicitors have been applied to promote the production of ginseng saponin and tropane alkaloids [JUNG et al., 2003; BUTNARIU 2015b] .
According to our findings, B. cereus could not introduce itself as a promising elicitor for optimizing artemisinin content (figure 2).
This finding is in a total disagreement with presented data by Gomes Silva and collab. [SILVA et al., 2014; BUTNARIU, 2015e; CIOPEC et al., 2015; BUTNARIU, 2015f] in that, B. cereus increased tanshinones production to 12 fold (up to 2.7 mgg -1 DW) in Salvia miltiorrhiza. In addition, B. cereus could reveal promising results in enhancement of skopolamin content in Scopolia parviflora [DEMIRCI et al., 2015] . While the findings of Shakeran and collab.
[ SHAKERAN et al., 2015] indicated that this bacteria did not present outstanding signs about atropine production, announcing it as a weak biotic elicitor.
The bacteria perhaps have various impacts on the plants like cell-cell, genegene and protein-protein interactions.
These activities surely will affect artemisinin biosynthesis pathways.
On the other hand, in our study the effect of S. aureus was investigated on the artemisinin accumulation as well ( figure 2 and table 1) .
In our results, this bacterial elicitor could not reveal brilliant and meaningful changes for artemisinin content.
But our finding result is in contrast with the findings of Bandeh Ali and collab. [BANDEH ALI et al., 2013; PETRACHE et al., 2014; RASHED et al., 2014a in which, S. aureus was introduced as a powerful elicitor in artemisinin enhancement in hairy roots of A. annua (0.133 mg/mL DW).
While this elicitor did not show positive changes in scopolamine accumulation in hairy root cultures of Datura metel [SHAKERAN et al., 2015] . This paradox can be justified by the phenomena of elicitor specificity.
According to it, accumulation of each secondary metabolite is dependent on plant's species and the nature of elicitors [VASCONSUELO et al., 2007; IANCULOV et al., 2004; .
By reviewing articles, it can be concluded that up to now, fungal elicitors were investigated as a promoting factor in artemisinin yield.
For example, Colletotrichum spp were used to enhance artemisinin production in hairy roots of A. annua, leading to a significant increase (51.63 % increase over the control) in its level [WANG et al., 2001] . Based on an investigation done by Zheng and collab. [ZHENG et al., 2008; BUTNARIU et al., 2015d; CAUNII et al., 2015b] , F. oxysporum could be a helpful factor to increase the mentioned substance by secreting Nitric Oxide (0.7 mg/g DW to 1.3 mg/g DW).
The findings of this study is similar to the outputs of the previous surveys. The data showed that F, oxysporum is the best elicitor among others in enhancing artemisinin level in comparison to the controls (6.5 fold more than the control according to figure 3 and table 2 ).
To the author's knowledge, there is not any case study about the effect of A. fumigatus on artemisinin production in A. annua. But its effect on anthocyanins of Catharanthus roseus tumor suspension cultures was reported as a significant one This result is not coordinated with our findings which introduces it as an incapable elicitor according to figure 3. The reason is not yet uncovered.
The effect of biotic elicitors on the biomass accumulation:
In our study, the effect of bacterial (S. aureus and B. cereus) and fungal (F. oxysporum and A. fumigatus) elicitors was analyzed on biomass accumulation as a sign of growth.
The results introduced B. cereus as a powerful elicitor with considerable impacts on biomass accumulation, increasing fresh weight from 567.33 mg to 650 mg (figure 4).
According to the findings of Niu and collab. [NIU et al., 2011; BUTNARIU et al., 2015c; CAUNII et al., 2015a; SAMFIRA et al., 2013] , this microorganism can be named as plant growth-promoting rhizobacterium which is able to induce systemic resistance in Arabidopsis thaliana by simultaneously activating salicylate-and jasmonate/ethylenedependent signaling pathways.
As mentioned previously, the effect of S. aureus was observed on growth. The reason of this great potential lies in the fact that these kinds of bacteria can lead to a significant modifications in the metabolisms of the plant cells.
In this investigation, 0.2 mg total sugar/ml F. oxysporum kept the fresh weight of A. annua samples steady and unchanged during 48 h while 0.4 mg total sugar/mL of this elicitor decreased the samples fresh weight exclusively (figure 5). There is relative similarity between our findings and some reported results by Kishor [KISHOR, 1999;  BUTNARIU and SAMFIRA 2014; SAMFIRA et al., 2015] .
In this document, it was reported that F. oxysporum can promote defense mechanisms which is predominantly dependent on elicitor concentration.
Furthermore, the elicitation of the samples by A. fumigatus was very effective and impressive in dry weight increase (1.5 fold increase over the controls) that, these information are supported by given data in by Kishor [KISHOR, 1999; ANDREEA, et al., 2012 , BARBAT, et al., 2013 .
He introduced this elicitor as a progressive one in biomass accumulation in the plant cell cultures and presented that carbon supply by A. fumigatus is the main factor.
Conclusions
In conclusion, fungal elicitors are powerful elicitors for optimizing artemisinin biosynthesis in A. annua by elicitation-infiltration method.
So these kinds of elicitors can be applied in fileds of Artemisia annua as a biotic fertilizer to promote its production.
